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Abstract 
For a fixed number of customers, reliability of a distribution network can be improved by reducing the duration 
of interruptions by faster restoration techniques. After occurrence of a fault, the average restoration time of a load 
point depends on average fault location identification time and repair time or switching time. The Fault Passage 
Indicator is a device that helps the utility to restore the supplies more quickly by reducing the time that an operating 
crew needs to travel around the network in search of a fault. To achieve a high degree of reliability for a given 
number of FPIs, it is necessary to decide the best locations of FPIs in a distribution network. In this paper, the effect 
of installing multiple FPIs on the reliability of a radial feeder is discussed and is implemented on an 11 kV, 2 MVA 
Indian utility radial feeder for five different configurations.  
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1. Introduction 
The reliability of system can be improved, by reducing the number of interruptions and /or by 
reducing the duration of these interruptions by faster restoration techniques [1]. A Fault Passage Indicator 
is a device which provides visual or remote indication of a fault on the electric power system. The FPI 
helps utility to restore the supplies more quickly by reducing the time that an operating crew needs to 
search around the network to identify the fault. The FPI can be located at some convenient point on the 
distribution network that will give an indication as to whether the fault current has passed the point where 
it is located or not. It is able to distinguish between fault current and the load current associated with the 
healthy feeder, and it has some means of displaying its operations to an operator [2]. Using fault 
indicators as a preventative tool can reduce costs to utilities and their customers, and improve overall 
reliability. They can be used in systems with and without distribution automation [3, 4] 
The simplest and most common design of FPI is the simple earth FPI. This looks for a zero sequence 
earth fault current exceeding a specified level. Phase to phase FPI detects phase to phase faults and able to 
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measure the phase currents via CTs [2]. Distance-to-fault relay gives the distance from the station to a 
fault, but not which tap the fault is on. Fault indicators complete the job by pointing the line crew down 
the correct tap. Installing fault indicators at the mid point of a line allows the crew to restore power to the 
unaffected portion of the system even before identifying the specific location of the fault and apply timed 
reset fault indicators and fault counters in areas affected by brownouts, momentary outages and flickering 
lights as an efficient means of identifying the location of temporary faults. SAIDI (Hr/Yr/Customer), ENS 
(kWHr/Yr), ASAI and ASUI measure the degree of reliability of distribution systems and the reduction in 
SAIDI, ENS & ASUI and increase in ASAI indicate the improvement in reliability [5, 6]. In this paper, 
the effect of fault passage indicator on an Indian practical radial feeder is discussed. The reliability 
indices are calculated using Failure mode effect analysis at different locations of FPI [7, 8] for five 
configurations. 
 
Nomenclature 
λ  Failure Rate  
r  Restoration Time (Hr)   
U  Unavailability (Hrs/Yr) 
LP   Load Point 
2. Modeling and evaluation 
Following an active permanent fault on any part of the feeder, over current relay of feeder will send a 
signal to the circuit breaker to trip the breaker and all the load points of feeder fail to get the power supply. 
In order to restore the power, in case of non-automated system a crew from the sub-station travel along 
the feeder to identify the location of fault and the time taken by the crew to find the location of fault is 
known as fault identification time. After finding the fault location, the protective device operates to 
restore the upstream and down stream loads and the total time taken is known as switching time. Finally, 
the faulted component is repaired to restore the loads under faulted section and this time is known as 
repair time.  
Reliability of a distribution system is measured by load point indices like failure rate ‘λ’, repair time 
‘r’ and unavailability ‘U’ and the system reliability indices. The FPIs can reduce the average fault 
location identification time and consequently decrease the duration of existence of fault. With installation 
of ‘n’ number of fault indicators on a distribution feeder, that feeder is divided into (n + 1) parts and fault 
location time Ti for each ith part can be calculated as [9]. 
   
 
where, Li is length of part ‘i’, T0 is average fault location time of feeder without FPI. These indices of 
feeder without FPI and with FPIs are calculated using Algorithm 1 and Algorithm 2 [9] respectively. 
2.1. Algorithm 1 
(i) Consider each load point of the system.  (ii) Consider each component failure mode of the load points. 
(iii) For each failure mode, determine how service can be restored. If service is restored by repair process 
use the sum of fault identification and repair times as the restoration time or it is the sum of fault 
identification time and switching time. (iv) Calculate the load point indices for all load points.                (v) 
Calculate the system reliability indices.  
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2.2. Algorithm 2 
(i)   Consider each load point on the system. (ii)  Consider each component failure mode of the load 
points.  (iii)  Calculate average fault location time of the failure mode using the Eq.1. For each failure 
mode, if service is restored by repair of a faulted component, choose the restoration time as the sum of 
average fault location time and repair time. Otherwise, choose the summation of average fault location 
time and switching time as restoration time. (v) Deduce load point indices by considering all the events 
leading to failure of the load point and their associated restoration procedures. (vi) Assess overall system 
indices by appropriately combining reliability indices of the load points. 
3. Case study 
  An Indian utility radial feeder of 11 kV, 2 MVA with a circuit breaker (CB), 28 feeder sections       
(1 to 28), four disconnecting switches (S1 to S4), 16 distribution transformers with load points           
(LP1 to LP16), one alternate supply and a tie-line switch is considered. The practical feeder with nine FPI 
locations (F1 to F9) is shown in Fig. 1 [10]. The operating conditions of the feeder are: (i) Power supply, 
loads, protective devices and FPIs are 100% reliable (ii) Failure events are independent (iii) Single 
weather conditions (iv) Fuse cutouts are placed at starting position of each lateral of the feeder and (v) 
Only permanent active faults are considered.  
The network data and customer data required for the reliability analysis are shown in Table I and 
Table II respectively. In this paper, the average time for identification of fault location without FPI, the 
average repair time of feeder sections, the average repair time of distribution transformers and the average 
switching time of protective devices for restoration of supply and the average replacement time of 
distribution transformer are taken as 0.75 hr, 4.25 hrs, 199.25 hrs, 0.25 hr and 10 hrs respectively [7]. The 
reliability indices are evaluated using FMEA method for five different configurations as defined in           
Table III. The reliability indices of feeder without any FPI are taken as base case for comparison. The 
average fault identification time for of the feeder with one FPI for different locations, are calculated using 
Eq. 1. Reliability evaluations with only one FPI at different locations and with multiple FPIs at best 
possible combination of locations are carried out for the present study and analysis. 
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Fig. 1: A practical Indian utility network with nine FPIs 
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Table I: Network data 
 
Section No.  λ (f/yr) r(hr) Section No. λ (f/yr) r (hr) Section No. λ (f/yr) r (hr) 
1, 7, 8, 22 0.0195 5 11,18, 19   0.0065 5 17 0.0078 5 
2,4,6,16,21,23,25  0.0026 5 12 0.0091 5 20 0.0520 5 
3 0.0130 5 13 0.0572 5 26 0.0585 5 
5, 9, 24 0.0325 5 14 0.0104 5 27, 28 0.0039 5 
10 0.0650 5 15 0.0208 5 Transformer 0.0150 200 
Table II: Customer data 
Load      
Point 
Av. Load / 
Cust. (kW) 
No. of 
Cust./LP 
Load 
Point 
Av. Load / 
Cust. (kW)
No. of 
Cust./LP 
Load 
Point 
Av. Load / 
Cust. (kW) 
No. of 
Cust./LP 
1, 13, 14 21 1 7 870 1 11 450 1 
2, 3, 4, 5, 12 0.225 50 8 56.25        1 15 150 1 
6 0.225 30 9, 10 112.5      1 16 0.236 30 
Table III:  Different configurations of feeder 
3.1 Reliability evaluation with one FPI 
The reliability indices SAIDI, ENS and %ASAI of base case without FPI (0) and with only one FPI at 
nine different possible locations of F1 to F9 for all 5 configurations are evaluated and shown in Table IV.  
Table IV. Reliability indices SAIDI, ENS and ASAI for single FPI 
One 
FPI 
SAIDI (Hr/Yr) ENS (kWHr/Yr) %ASAI 
A B C D E A B C D E A B C D E 
0 3.862 50.574 5.039 15.257 1.031 7821 102526 10180 31640 2471 99.9562 99.4227 99.9424 99.8258 99.9882
F1 3.706 50.301 4.882 14.975 0.856 7506 101974 9859.2 30752 1728 99.9577 99.4258 99.9442 99.829 99.9902
F2 3.704 50.295 4.88 14.968 0.854 7501 101961 9855.6 30739 1739 99.9577 99.4259 99.9443 99.8291 99.9903
F3 3.708 50.294 4.884 14.967 0.857 7511 101959 9869.1 30737 1733 99.9577 99.4259 99.9442 99.8291 99.9902
F4 3.758 50.243 4.935 14.965 0.908 7601 101872 9958.7 30723 1825 99.9571 99.4259 99.9437 99.8292 99.9896
F5 3.823 50.474 4.934 15.147 0.927 7740 102323 10093 31101 1915 99.9564 99.4238 99.9436 99.8271 99.9894
F6 3.85 50.533 5.026 15.172 1.000 7804 102444 10158 31189 2027 99.9559 99.4231 99.9426 99.8268 99.9886
F7 3.713 50.313 4.872 14.986 0.863 7520 101997 9841.3 30775 1752 99.9576 99.4257 99.9444 99.8289 99.9902
F8 3.748 50.386 4.934 15.059 0.898 7585 102146 9974.2 30924 1827 99.9572 99.4248 99.9439 99.8281 99.9897
F9 3.857 50.538 5.034 15.211 1.007 7807 102453 10166 31231 2029 99.9560 99.4231 99.9425 99.8264 99.9885
Config Disconnects Fuses Alt.Supply T’formers Config Disconnects Fuses Alt.Supply T’formers 
A Yes Yes Yes Repair D Yes No Yes Repair 
B No No No Repair E Yes Yes Yes Replace 
C No Yes No Repair - - - - - 
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3.2 Reliability evaluation with multiple FPIs: 
 Placing multiple FPIs on a radial feeder will decrease the average fault identification time. When 
multiple FPIs are placed, it is necessary to choose the best combination of FPIs to achieve high reliability. 
From Table IV, for Configuration B, by placing a single FPI at location 4 yields maximum reliability 
(ASAI) followed by reliability at location 3. Therefore, by placing two FPIs simultaneously at location 4 
and location 3, yield better reliability in case of two FPIs when compared with any other combination. 
Similarly, the best combinations of multiple FPIs are chosen based on the order of priority of locations of 
single FPIs. The ordered location of FPIs can be decided by increasing values of SAIDI / ENS or 
decreasing values of ASAI. The reliability indices are evaluated for best possible multiple combinations 
of FPIs for all the five configurations. These details of no. of FPIs, best combination of location and 
reliability indices are shown in Table V and Table VI. The ordered locations of FPIs for each 
configuration can be seen in the last row of each table. 
Table V.  Reliability indices of Configuration A and Configuration B with multiple FPIs 
No.of 
FPIs 
Best Location -
Configuration A 
SAIDI ENS ASUI 
×10-6 
Best Location -
Configuration B 
SAIDI ENS ASUI   
×10-6 
0 --- 3.861680 7820.867 437.9 ---- 50.57400 102526.14 5773.3 
1 2 3.703760 7502.480 423.0 4 50.24312 101872.30 5741.0 
2 2,1 3.695397 7485.618 421.9 4,3 50.23727 101843.50 5734.9 
3 2,1,3 3.652447 7403.607 416.9 4,3,2 50.18094 101729.30 5728.4 
4 2,1,3,7 3.649235 7395.791 416.6 4,3,2,1 50.16472 101696.40 5726.6 
5 2,1,3,7,8 3.614839 7336.707 412.7 4,3,2,1,7 50.14708 101660.70 5724.6 
6 2,1,3,7,8,4 3.599492 7291.318 410.9 4,3,2,1,7,8 50.11131 101588.10 5720.5 
7 2,1,3,7,8,4,5 3.597487 7286.732 410.7 4,3,2,1,7,8,5 50.09623 101557.60 5718.8 
8 2,1,3,7,8,4,5,6 3.592614 7275.209 410.2 4,3,2,1,7,8,5,6 50.09335 101551.80 5718.4 
9 2,1,3,7,8,4,5,6,9 3.590561 7199.409 409.9 4,3,2,1,7,8,5,6,9 50.08662 101538.10 5717.6 
Table VI. Reliability indices of Configuration C, Configuration D and Configuration E with multiple FPIs 
No. of 
FPIs 
Best  Location 
Configuration C 
SAIDI ENS ASUI   
×10-6 
Best Location 
Configuration D
SAIDI ENS ASUI   
×10-6
Best Location 
Configuration E 
SAIDI ENS ASUI 
×10-6
0 --- 5.039 10180 576.0 -- 15.257 31640 1742 --- 1.031 24701 118
1 7 4.872 9841 556.0 4 14.965 30722 1709 2 0.854 1739 97.5
2 7,2 4.868 9830 557.5 4,3 14.943 30699 1706 2,1 0.845 1708 96.5
3 7,2,1 4.868 9830 555.7 4,3,2 14.943 30682 1706 2,1,3 0.812 1686 92.7
4 7,2,1,3 4.824 9735 550.7 4,3,2,1 14.892 30542 1700 2,1,3,7 0.799 1619 91.2
5 7,2,1,3,8 4.801 9688 548.1 4,3,2,1,7 14.874 30514 1698 2,1,3,7,8 0.765 1559 87.3
6 7,2,1,3,8,5 4.788 9664 546.6 4,3,2,1,7,8 14.864 30485 1697 2,1,3,7,8,4 0.749 1514 85.6
7 7,2,1,3,8,5,4 4.773 9636 544.8 4,3,2,1,7,8,5 14.849 30472 1695 2,1,3,7,8,4,5 0.747 1509 85.3
8 7,2,1,3,8,5,4,6 4.772 9633 544.7 4,3,2,1,7,8,5,6 14.802 30432 1690 2,1,3,7,8,4,5,6 0.743 1498 84.8
9 7,2,1,3,8,5,4,6,9 4.771 9630 544.6 4,3,2,1,7,8,5,6,9 14.799 30411 1689 2,1,3,7,8,4,5,6,9 0.741 1422 84.5
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The above results show that there is a considerable reduction in SAIDI, ENS and ASUI of the radial 
feeder from base case to last case with nine FPIs. It indicates there is increase in continuity of power to 
each customer, more energy can be supplied and more percentage reduction of unavailability in 
comparison base case increases with the number FPIs. All these results are shown in Table VII.  
Table VII: Results of radial feeder with multiple FPIs compared with base case 
No. of 
FPIs 
Extra Duration (Minutes/Yr/Cust.) Extra Energy Supplied (kWHr/Yr) % Reduction of ASUI 
A B C D E A B C D E A B C D E 
1 9.48 19.9 9.96 17.5 10.7 318.4 653.8 338.9 917.5 732.0 4.09 0.654 3.30 1.92 17.2
2 9.98 20.2 10.2 18.9 11.2 335.2 682.6 349.9 941.1 762.7 4.31 0.666 3.38 2.06 18.0
3 12.6 23.6 10.2 18.9 13.1 417.3 796.8 350.1 958.0 784.9 5.42 0.777 3.38 2.06 21.2
4 12.7 24.6 12.9 21.9 13.9 425.1 829.7 444.8 1098 852.0 5.50 0.809 4.26 2.40 22.5
5 14.8 25.6 14.2 23.0 16.0 484.2 865.4 492.5 1126 911.7 6.39 0.844 4.71 2.52 25.8
6 15.7 27.8 15.0 23.6 16.9 529.5 938.0 516.6 1155 957.0 6.79 0.915 4.97 2.58 27.3
7 15.9 28.7 16.0 24.5 17.0 534.1 968.5 544.4 1168 961.6 6.84 0.945 5.28 2.68 27.5
8 16.1 28.8 16.0 27.3 17.3 545.7 974.3 546.7 1207 973.2 6.97 0.950 5.29 2.98 28.0
9 16.3 29.2 16.1 27.5 17.4 621.5 988.0 549.3 1229 1049 7.02 0.964 5.32 3.00 28.2
4. Conclusions  
An Indian utility radial feeder is considered without and with FPIs at different locations to evaluate 
the reliability indices for five different configurations.  First, for a single FPI placed on nine different 
locations one at a time, the order of priority of locations are identified in each configuration based on 
reliability indices. Later, for remaining eight best possible combination locations from two FPIs to nine 
FPIs, the reliability indices are again evaluated. Using these indices, the extra duration of supply, the 
extra energy that can be supplied and the percentage reduction of unavailability with respect to base case 
are evaluated. Out of all the five configurations, Configurations B, D and E have the maximum advantage 
of extra duration of supply, extra available energy and least unavailability respectively. 
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